Whole mount (WM) platelet preparations followed by transmission electron microscopy (TEM) observation is the 13 standard method currently used to assess dense granule (DG) deficiency (DGD). However, due to electron densi-14 ty-based contrast mechanism in TEM, other granules such as α -granules might cause false DGs detection. Herein, 15 scanning transmission X-ray microscopy (STXM), was used to identify DGs and minimize false DGs detection of 16 human platelets. STXM image stacks of human platelets were collected at the calcium (Ca) L 2,3 absorption edge 17 and then converted to optical density maps. Ca distribution maps obtained by subtracting the optical density map 18 at pre-edge region from those obtained at post-edge region were used for identification of DGs based on richness 19 of Ca. Dense granules were successfully detected by using STXM method without false detection based on Ca 20 maps for 4 human platelets. Spectral analysis of granules in human platelets confirmed that DGs contained richer 21 Ca content than other granules. Image analysis of Ca maps provided quantitative parameters which would be use-22 ful for developing image-based DG diagnosis models. Therefore, we would like to propose STXM as a promising 23 approach for better DG identification and DGD diagnosis, as a complementary tool to the current WM TEM ap-24 proach. 25
INTRODUCTION
Platelets are small and discoid-shaped anuclear blood cells, which are well known as essential compo-27 nents in hemostasis, the process of preventing blood loss through injured blood vessels. They contain 28 Page 2 several types of subcellular structures: α -granules, dense granules (DG), etc. Among these subcellular 29 structures, deficiency of DGs, as found in previous research of Hermansky-Pudlak syndrome (1) and 30 Chediak-Higashi syndrome (2), would lead to bleeding diathesis. Evaluation of platelets by whole 31 mount transmission electron microscopy (WM TEM) is an essential part in diagnostic workup of the 32 dense granule deficiency (DGD) and is now considered the gold standard test for diagnosing DGDs (3-33 10). 34 However, TEM has some drawbacks for the characterization of platelet DGs. (STXM) has shown its capabilities that may complement current limitations of WM TEM by providing 42 better contrast mechanism and penetration depth with enough spatial resolution (11-16). Particularly, the 43 contrast mechanism of STXM, which is based on the differences in X-ray absorption at the pre-and 44 post-edges, allows us to distinguish Ca-rich DGs, which may provide much clearer and more DG spe-45 cific contrast than electron density-based contrast of TEM. However, STXM studies of platelets in the 46 soft X-ray region have not been reported yet. In this study, synchrotron-based STXM at the soft x-ray 47 region was adapted for the characterization of human platelet DGs and demonstrated its capability of 48 identifying and counting DGs in human platelets and diagnosing DGD.
49

RESULTS AND DISCUSSION
50
It has been known that DGs contain high contents of Ca and P (4, [17] [18] [19] [20] making DGs electron-dense 51 and allowing them to be visualized without special staining procedure. However, electron density-based Page 3 contrast of the WM TEM is not element-specific and may have interference by the presence of other 53 subcellular granules with high number density in platelets, such as alpha granules, and cause errors in 54 counting DGs and diagnosing DGDs. 55 The high content of Ca in DG was also chosen in this STXM study to distinguish DGs from other 56 subcellular granules. However, in contrast with the electron density-based contrast mechanism of the 57 TEM, the STXM approach uses a more distinct contrast mechanism based on element-or chemical spe-58 cies-specific XANES (X-ray absorption near edge structure) features, which allows us much clearer 59 identification of platelet DGs. As shown in Figure 1 , STXM image stack of a whole mounted platelet 60 was collected and converted to OD maps. Then, Ca distribution maps was obtained by subtracting the 61 OD map at the pre-edge region from the OD map at the post-edge region. In the STXM images collect-62 ed at the energy of 345.6eV and 349.3eV ( Figure 1A and 1C), many subcellular granules were observed 63 with good contrast. When these images were converted to OD maps, one granule became even brighter 64 in the OD image collected at 349.3eV ( Figure 1D ), while the other granules remained with similar con-65 trast ( Figure 1B and 1D ). In the Ca distribution map shown in Figure 1E , only one granule was observed 66 as a bright spot, while the others were mostly dimmed. This bright spot in Figure 1E is the Ca-rich sub-67 cellular granule of platelets, which can be clearly identified as DGs. 68 Additionally, six different regions of the platelet (regions 1-6 of Figure 1D ) were chosen and their Ca 69 L 2,3 edge XANES spectra were displayed in Figure 1F . The XANES spectrum of the brightest spot in carbonates, Ca-phosphates, biogenic Ca etc.) in these Ca-rich and Ca-poor granules. A small absorption 77 peak observed for the cytoplasm region of the platelet suggest that only a negligible amount of Ca was 78 present in the cytoplasm of the platelet (region 6 of Figure 1D ). With these Ca L 2,3 edge XANES spectra 79 and the Ca distribution map, we can confirm that the brightest spot in the Ca map ( Figure 1E ) was a DG, 80 while the other particles, which were observed as bright spots in the OD map at 349.3eV but found as 81 dimmed in the Ca maps, were probably other types of subcellular granules. Page 9 
